Background: Hypovitaminosis D is a frequent problem in the world and can be influenced by
INTRODUCTION
Vitamin D plays an essential role in regulating body levels of calcium and phosphorus, growth and maintenance of bone remodeling (1) , which are particularly important processes in childhood and adolescence. However, in recent years this vitamin deficiency has been linked to the pathogenesis of several chronic conditions such as metabolic syndrome, type 2 diabetes, hypertension, obesity, increased risk of cardiovascular disease, autoimmune diseases and cancer (2, 3) .
The scientific literature has reported high prevalence of hypovitaminosis D in the world, not only in vulnerable individuals, such as older adults and postmenopausal women (4, 5) , but also reaching children and adolescents (6) . Only three studies in Brazil working specifically with adolescents were identified, showing a prevalence above 60% for hypovitaminosis D in adolescents in the south and southeast regions of the country (7) (8) (9) .
Several factors may be associated with the presence of hypovitaminosis D in the population, among which sun exposure appears to be the main influencer of serum concentrations of this metabolite (10) . However, some scientific findings have shown high prevalence of hypovitaminosis D in coastal regions that have high solar incidence (11) . Furthermore, significant evidences also relates this phenomenon to behavioral, dietary and genetic factors, since, in regions of high sun exposure, habits such as excessive sunscreen use, low consumption of dietary sources of vitamin D, or the genetic predisposition of individuals could contribute to the increase of hypovitaminosis D in these places (12, 13) .
The northeastern Brazil presents stronger sun exposure for much of the year than regions already studied, which could favor positively maintaining serum concentrations of vitamin D. On the other hand, it has specific characteristics like the social and economic determinants of population (low human development index and access to financial resources) and that can contribute to the increased prevalence of vitamin D deficiency in the local population.
Thus, besides the need for more population-based studies on the nutritional status of vitamin D in adolescents, it is necessary to investigate the main related factors to identify strategies that can reduce the susceptibility of this population to various diseases in adulthood. Thus, this study aimed to estimate the prevalence of hypovitaminosis D and associated factors in adolescent students in a capital city of northeastern Brazil.
METHODS
Study design, population and sample A cross-sectional epidemiological study was conducted involving teenagers from 15 to 19 years old enrolled in public schools in João Pessoa-PB, a metropolitan city in northeastern Brazil, held between June and August 2015. The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects/patients were submitted to and approved by the Health Sciences Center Committee of Ethics and Research of the Federal University of Paraíba (CCS / UFPB) in compliance with Resolution 466/12 of the National Health Council (CAAE 43097115.2.0000.5188). All participants and their guardians were informed about the purposes of the study and signed the free informed consent form, respectively.
The program OpenEpi (www.openepi.com) was used to define the sample size, considering the prevalence of 60% hypovitaminosis D found by Peters et al. (8) , with a margin of error of 10% and a significance level of 5%. The drawing effect was corrected by multiplying by a factor of 2.1, with a total minimum of 194 adolescents and a margin of around 10% for possible losses. In all, 229 adolescents were recruited. However, nine participants did not meet the inclusion criteria or did not complete all stages of the study, totaling a final sample of 220 individuals.
Stratified sampling was conducted with a minimum of 10% of the 32 public schools in the city of João Pessoa, totaling four institutions, distributed in different regions to ensure greater randomness of the sample was performed. After the groups were drawn, three classes were randomly selected from each school, where all the teenagers in the age group of the study were invited to participate, thus 12 classes were part of the study.
Adolescents aged 15 to 19 years of both genders, and adolescents who had already had their menarche or had grown facial hair (according to gender) were included in the sample. All participants were classified in the post-pubertal stage. The following were considered as exclusion criteria: pregnant adolescents, nursing mothers, those using supplements or medications that contained or interfere with the metabolism of vitamin D, patients with chronic diseases (diabetes, hypertension, chronic kidney disease) and chronic alcoholics or smokers. Additionally, renal and hepatic function was also evaluated through specific laboratory tests (urea, creatinine, uric acid, alanine transaminase and aspartate aminotransferase) for purposes of selecting individuals in order to identify possible abnormalities.
Data collecting
Sociodemographic and behavioral data were collected through a semi-structured questionnaire.
The sociodemographic variables included age, gender and skin color (self-reported) (14) , if receiving social government benefits and maternal education (as indirect indicators of socioeconomic status of participants). Behavioral variables covered hours of sleep per day, daily sun exposure being higher or lower than 30 minutes (7, 15) , practice of physical activity while being exposed to the sun, performing physical activity or inactivity and habitual dietary intake of vitamin D.
The anthropometric evaluation measurements followed the recommendations of the Anthropometric Standardization Reference Manual (16) . Adolescents were weighed on a digital scale (BAL-20 PM model) with a capacity of 150 kg and range of 100 g, and height was measured by a metal rod vertical stadiometer with capacity height of 2.04 m and sensitivity of 0.5 cm. All measurements were performed by trained examiners in duplicate. Weight and height measures made it possible to calculate the body mass index (BMI) and the determination of the anthropometric nutritional status was classified according to the World Health Organization curves (BMI / age) for each gender (17) .
Physical activity
Physical activity was assessed using a questionnaire developed and validated for adolescents by Florindo et al. (18) . In order to classify the level of physical activity, the final score as a dichotomous variable was used, with the cutoff point being ≥ 300 min/week (active) and < 300 min/week (inactive).
Food consumption assessment vitamin D Vitamin D intake was evaluated by applying a 24-hour recording with all participants and a new subsequent application to 40% of the sample in non-consecutive days, as described by Verly, Jr. et al. (19) , following a minimum period of 30 days and a maximum of 45 days between the application of a recording and the next. Vitamin D intake was calculated using the Avanutri Revolution software version 3.0. After standardization of the household measurements and preparation of the datasheets, food or preparations that were not present in the software database were entered by means of food chemical composition tables (20, 21) or processed food labels.
The residual nutrients method was used to control the power consumption interpersonal effects in the evaluation of micronutrients (22) 
Statistical analysis
Absolute and relative frequencies, mean and standard deviation of the variables were calculated.
The prevalence of hypovitaminosis D was calculated for the general population and gender.
Proportions were compared using the chi-square test considering a significance level of p < 0.05.
Intergroup differences were tested by the independent t-test or its non-parametric correspondent, the Mann-Whitney test. Poisson Regression with robust variance was used to determine the association between the independent variables with the outcome (hypovitaminosis D), which were used to estimate the crude and adjusted prevalence ratios with their respective confidence intervals (95% CI). The final dataset included variables with significance level of less than or equal to 0.20 in the unadjusted model. Data were analyzed by SPSS software version 21 and STATA, version 13.0 SE.
RESULTS
The mean age (SD) of the 220 adolescent participants was 16.8 ± 1.1, with the majority consisting of females. Regarding socioeconomic characteristics, almost half of the individuals were receiving social benefits and the mothers presented an education level < 9 years of study. Moreover, the results show that both the daily sun exposure and the practice of physical activity while exposed to the sun were more prevalent in adolescent males (p < 0.0001). Similarly, they showed a mostly higher prevalence in the consumption of vitamin D above the median (p = 0.004) ( Table I) .
Considering the overall sample, the classification of BMI/age, according to gender, indicated that 22.7% of adolescents were overweight/obese. Moreover, it was observed that women had a higher prevalence of being overweight / obese than men (p = 0.016), with the latter being mostly classified as physically active (p = 0.002) ( Table I ).
The prevalence of hypovitaminosis D in the study population was 57.7%, with 42. (Table II) . Table III (Table IV) .
DISCUSSION
This study has found significant proportion of hypovitaminosis D among adolescents in school. In the analysis by gender, adolescent females showed much higher prevalence than males. In addition, hypovitaminosis D was independently associated with increased BMI in adolescent males, as well as there being low serum calcium concentrations present in females.
In the scientific literature, similar proportions of high hypovitaminosis D prevalence in adolescents have been found (25) After reviewing the literature the cutoffs established by the Endocrine Society (24) for adults was chosen as it is widely used in such studies, but it is possible that these values are below ideal, since adolescence is a phase that requires increased nutrient demands for proper skeletal development.
Thus, further research is needed to establish what would be the optimal levels of vitamin D to ensure optimal nutritional support during this period.
Another fact that draws attention to the high prevalence of vitamin D deficiency in adolescents studied is the fact that the study was conducted in a coastal region and has sunny days almost all year. Given this premise, the question arises about the isolated role that sunlight has on the serum concentrations of 25 (OH) D. Several studies show that even in tropical regions, the prevalence of hypovitaminosis D has been elevated (26, 27) . A study conducted with 15 Brazilian male and female surfers found that after five hours with 75% of the area of the body exposed to the sun without sunscreen and at a time of greater direct impact of ultraviolet rays, they produced only 40% of the vitamin D required for daily consumption (27) . In contrast, another study realized in Our results demonstrate that gender may be a determining factor that is strongly associated with vitamin D deficiency, since female adolescents had higher prevalence than males. Similar results have been found in other studies around the world (25, 29) . A recent cohort study conducted in the United States showed that in a model adjusted for several variables similar to ours, male participants had higher concentrations of 25 (OH) D over time when compared to females (30) .
Evidence has shown that this association can be explained by behavioral as well as physiological issues. However, this information has not been shown to be significant in our study nor is it well established in the literature, requiring further investigation. ng/mL) were found in 5% of eutrophic children in the control group and in 30% of those who were obese (33) . In another recent study, it was observed that the risk of developing vitamin D deficiency was strongly associated with increased adiposity in children and adolescents aged 6-18 years old (34) . BMI also seems to exert influence on individuals' response to different doses and types of vitamin D supplementation, as demonstrated by the recent Hammami and Yusuf study (35) . However, it is believed that the combination of low concentrations of 25 (OH) D in overweight/obese individuals goes beyond sun exposure and food intake.
Some evidences suggest that one of the causes of 25 (OH) D deficiency in individuals with obesity may be related to storage of this vitamin in the adipocytes, reducing its bioavailability. In addition, it has been reported that adipose tissue has a lower expression of the enzymes responsible for the hydroxylation of vitamin D, as well as from 1-α-hydroxylase, suggesting a compromise in its activities in obesity (36) . Alternatively, some experimental data suggest that vitamin D deficiency can cause greater adiposity, promoting elevation of PTH, which promotes calcium entry into adipocytes and thus, increases lipogenesis (37) . This cyclical association requires further research to clarify and direct the relationship between vitamin D and obesity.
The median intake of vitamin D was much lower than that of DRI's recommendations, for both genders in this study. Low intake has been reported in other regions of Brazil and other countries (7, 38) . Vitamin D food sources are limited and are not usually consumed in Brazil by adolescents, such as the liver oil of fish and salmon. Furthermore, there is no mandatory food enrichment in Brazil and only recently some products like milk and yogurt have begun to be enriched with vitamin D. Another factor that may explain the low intake of vitamin D is the high prevalence of unhealthy eating habits at this stage of life, such as the high consumption of processed foods, replacing main meals with snacks or simply not eating at correct times (39) ; data also observed in our population.
Lower calcium serum concentrations were related to a higher prevalence of hypovitaminosis D in females. Particularly in adolescence there is a growing concern about vitamin D, since this period requires an increased mobilization of nutrients for the formation and growth of body tissues.
Moreover, a major function of vitamin D is to promote calcium absorption. It is known that low concentrations of the active form of 1.25 (OH) 2D result in decreased absorption from the intestinal calcium and decreased bone reabsorption (40) , and that this association can cause future implications to the health of these young people. Furthermore, it has been found recently that vitamin D may influence the formation of female hormones such as estradiol, for which a deficiency can lead to outcomes associated to bone metabolism (32) .
Some limitations of this study should be considered. The difficulty of food composition tables used for dietary assessment may have contributed to low vitamin D intake among the adolescents. In addition, the criteria used to evaluate the sun exposure of adolescents may have been a little too specific to that function, requiring validated studies comparing different measures of sun exposure according to age groups, since the habit of sun exposure may vary with age. Extrapolation of the results to the general population of Brazilian adolescents should be cautious, since the region where the study was carried out has particular characteristics of sun exposure and dietary intake.
Finally, being a cross-feature study, it is not possible to infer causality between the outcome (vitamin D deficiency) and the factors that were associated.
Some of the study capabilities also need to be listed. This is a pioneer study conducted in a city in northeastern Brazil, and in this way the results contribute to chart a situational overview of vitamin D deficiency in Brazilian adolescents. The identification of potentially associated factors may contribute to the prevention of various diseases in adulthood that have their pathophysiology related to hypovitaminosis D. In addition, the data from this study awakens the need to encourage debate about the main important measures to combat this phenomenon.
CONLUSION
The data of this study estimate a high prevalence of hypovitaminosis D in a population of adolescent students in northeastern Brazil, especially female. The following factors were independently associated: nutritional status (overweight/obesity) in males and lower serum calcium concentrations in females. For future research, it is suggested that retrospective and prospective longitudinal studies be done that are able to assess the change in serum levels of 25 (OH), as well as to more deeply examine the background of this population. 
